
United States Patent 1191 

Woodall 

; 
s * 

I llllllllll~ll~~ll~l~ lllHlllll lllllHllllllll lllhli-iil lliii o 7L’ 
USOO5446828A 

[II] Patent Number: S&6,828 

1451 Date of Patent= Aug. 29,1995 

[54] NONLINEAR NEURAL NETWORK 
OSCILLATOR 

[75] Inventor: 

[73] Assignee: 

Roger L. Woodall, Jewett City, 
Conn. 

[21] Appl’ No.: 

[22] Filed: 

The United States of America as 
represented by the Secretary of the 
Navy, Washington, D.C. 

33,226 

Mar. l&1993 

[51] Ix& C1.6 .............................................. G06P 15/m 
[52] U.S. Cl. ........................................ 395/q 395/22; 

395/24 
[58] Field,of Search ........................ 395/21, 22, 23, 24 

[561 References Cited 

U.S. PATENT DOCUMENTS 

4,637,402 l/1987 Adelman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128/746 
4,906,865 3/1990 Holler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307/353 
5,046,019 9/1991 Basehore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395/23 
5,067,095 11/1991 Peterson et al. . . . . . . . . . . . . . . . . . . . . . . 395/24 
5,159,66i lo/1992 Lu et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395/22 

OTHER PUBLICATIONS 

Segmentation and Binding in an Oscillatory Neural 
Network D. Horn 8-14 Jul. 1991 IEEE. 
A Neural Pattern Generator that Exhibits Frequen- 
cy-Dependent In-Phase and Anti-Phase Oscillations 
M. Cohen et al. IEEE 7-11 Jun. 1992. 
Memorizing Oscillatory Patterns in the Analog Neuron 
Net K. Doya IEEE 18-22 Jun. 1989. 

[571 ABSTRACI 

A nonlinear oscillator (10) includes a neural network 
(12) having at least one output (1%) for outputting a one 
dimensional vector. The neural network includes a 
plurality of layers, including an input layer, an output 
layer, and at least one hidden layer. Each of the layers 
includes at least one processing element (PE) that is 
interconnected to processing elements of adjacent lay- 
ers. The input layer has an input coupled to the at least 
one output and includes an analog delay line (14) having 
a plurality of taps each of which outputs a time-delayed 
sample of the one dimensional output vector. Each of 
the taps is connected to each one of the processing 
elements of the at least one hidden layer for providing a 
time-delayed sample of the one dimensional output 
vector thereto. The nonlinear oscillator further includes 
a feedback network (16) that is interposed between the 
output of the neural network and the input of the input 
layer for modifying a magnitude and/or a polarity of 
the one dimensional output vector prior to the sample of 
the one dimensional output vector being applied to the 
input of the analog delay line. The analog delay line is 
capable of being shifted in either a first or a second 
direction. Connection weights of the neural network 
are trained on a deterministic sequence of data from a 
chaotic source or may be a representation of a stochas- 
tic process, wherein each of the weights is randomly 
selected. 
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